Background: The erythrocyte sedimentation rate (ESR) test has been considered to be a simple procedure, not requiring quality control (QC). However, QC is essential for accuracy and precision. We evaluated the TEST 1 ESR system and performed QC procedures using newly developed latex control materials in three hospitals. Methods: Using tripotassium ethylenediaminetetraacetic acid blood samples (ns184), we compared TEST 1 ESR values with Westergren ESR data and evaluated intra-assay precision. Three levels of latex control materials were used to assess inter-assay precision. Reference range assessment was done using samples from 220 healthy individuals. Interlaboratory QC with latex control materials in three hospitals was performed. Results: Correlation between TEST 1 ESR and Westergren ESR results was good (p-0.001). Intra-assay precision
Introduction
The erythrocyte sedimentation rate (ESR) is widely used in clinical practice as an indicator of inflammation, infection, trauma, or malignant disease (1) . The current reference method for measurement of ESR is that proposed by Westergren; the sedimentation of red blood cells is measured by observing the level to which cells fall in a given time interval, usually 1 h, in a well-described, specific pipette (2) . An automated measurement procedure, the TEST 1 (Alifax, Padova, Italy) has been marketed. This system allows automatic measurement of ESR in specimens collected in both sodium citrate and EDTA blood sample tubes using a microagglutination method (3) .
ESR performed using manual and semi-automated methods has long been considered as a simple procedure that could be performed without the need for quality control (QC) (4) . In clinical laboratories, reliable methods for calibration and the use of appropriate control materials are required for monitoring the accuracy and precision of any routine method. In the last few years, a number of commercial QC materials have appeared on the market, but most are based on stabilized whole blood and are not suitable for use with techniques involving autoanalyzers, such as the TEST 1 that evaluates the kinetics of the aggregation reaction (1, 5) . Recently, a new latex control material has been developed to increase instrument reliability and to enable the performance of statistical QC (6) .
The goal of this study was to evaluate ESR measurement using the TEST 1 system and to investigate QC procedures based on the use of latex control materials for the daily intraand inter-laboratory QC of ESR in the clinical laboratory.
Materials and methods

Materials
All blood for the study was collected in 3-mL tripotassium ethylenediaminetetraacetic acid ( 
Westergren method
The Westergren method was performed according to ICSH specifications on undiluted blood anticoagulated with EDTA using glass pipettes (Greiner Bio-One GmbH, Kremsmuenster, Austria) (7). During sedimentation, pipettes were mounted vertically on appropriate supporting racks and kept at room temperature (21-228C).
TEST 1 method
TEST 1 is a closed automated analyzer that determines ESR at 378C
by assessment of red cell aggregation. A 150 mL blood sample is delivered into a capillary tube. The electrical signal, collected by a photodiode detector, is directly correlated to red cell aggregation in the capillary. A mathematical algorithm converts the raw data obtained from optical density signals into ESR results, which are transformed into comparable Westergren values. The first result is obtained in about 4 min and subsequent results are obtained every 20 s (1, 3, 6, 8) . The most recent version of TEST 1, the TEST 1 THL, includes a new version of the software that allows the analyzer to run the new latex controls. The TEST 1 THL analyzers were set up in the laboratories of the three hospitals.
Latex calibrators and control materials
The calibrators and control materials for the TEST 1 are ready-made turbidimetric standards of synthetic latex solutions. Each set is composed of three tubes each containing 3 mL of latex solution at three different concentrations (6) . Each QC level has a known turbidity value, on which the instrument performs transmittance measurements correlated to the ESR value. The TEST 1 analyzers were calibrated using the newly developed calibrators.
Accuracy
We selected 184 blood samples from the patients of hospital A for comparison studies. 
Precision
A reproducibility study was performed at hospital B using blood samples and three levels of latex controls. To test intra-assay precision, 20 blood samples, stored at room temperature and with TEST 1 ESR values of more than 5 mm/h, were used. Eight replicate measurements of 10 blood samples with different ESR ranges were performed under continuous loading, and nine replicate measurements of another 10 blood samples were made at 30 min intervals. The inter-assay precision of three levels of control material was evaluated over 5 days, with five determinations per day.
Stability test
A stability test was performed at hospital C. The stability of ESR samples over time was evaluated by storing the 184 blood specimens used in the accuracy study for 24 h at 48C. The samples were returned to room temperature for 45 min, remixed and then remeasured.
Reference range
The reference range was established at hospital C using blood samples collected from 220 healthy individuals (110 males and 110 females) visiting the health promotion center at hospital C. To calculate the reference range, and considering the increase in ESR in relation to age, ESR values were evaluated separately for each decade of adult life in men and women.
Inter-laboratory QC with latex control materials in three hospitals
ESR measurements of three levels of latex control materials were performed over 11-16 days, with one determination per day, in each of three hospitals.
Statistical analysis
Statistical analysis was carried out using MS Excel 2003 software (Microsoft, Seattle, WA, USA), SPSS version 13.0 software (SPSS Inc., Chicago, IL, USA), and MedCalc version 11.1.1.0 (MedCalc, Mariakerke, Belgium). The data from the method comparison studies were analyzed using Passing-Bablok regression, non-linear regression and Bland-Altman analysis. To estimate precision, we computed means, SDs, and coefficients of variation (CVs). Differences between means for stability were evaluated by the paired Student's t-test. Estimates for the reference range were based on a non-parametric statistical method using percentiles. Comparison of means between genders in any given age group was performed using the Mann-Whitney test. Comparison of means between agerelated groups in the male or female reference population was achieved by the Kruskal-Wallis test. Statistical significance was considered if p-0.05.
Results
Accuracy
There was statistically significant correlation between the TEST 1 and Westergren data (p-0.001), but notable differences were noted also (Table 1 and Figure 1 ). PassingBablok regression showed a non-linear relationship between both methods. The TEST 1 ESR values were lower than the Westergren values. The differences between TEST 1 and Westergren values in 89 blood samples with Hct )35% were smaller than those in 95 blood samples with Hct F35%. In addition, the correlation coefficients between both methods in samples with Hct )35% were higher than those in samples with Hct F35%. The differences between TEST 1 and corrected Westergren values were smaller than differences between TEST 1 and non-corrected Westergren values.
Precision
Intra-assay reproducibility using blood samples over a wide range of ESR values is shown in Table 2A . Continuous loading revealed good precision except in the lowest and highest ranges, but loading at intervals of 30 min (with a total duration of measurement of more than 4 h and 30 min) showed a higher CV compared with continuous loading.
Inter-assay reproducibility using latex control materials is shown in Table 2B . The level 1 control encompasses ESR values in the normal population and levels 2 and 3 encompass the clinically significant ESR ranges. The precision of the three levels of control materials was very good.
Stability test
Storage of blood samples at 48C for up to 24 h caused a significant decrease in ESR values measured with the TEST 1 ( Figure 2 ). The mean difference was 6.05 mm/h (95% confidence interval 5.067-7.031, p-0.0001), reflecting a decrease of 18.7%. The difference increased in proportion to ESR values.
Reference range
The reference range for males was 2-10 mm/h, and that for females 2-19 mm/h (Table 3 ). There were significant differences between the genders in groups aged 60 years or less (ps0.028, 0.002, 0.002, and 0.001 for groups aged 18-30 years, 31-40 years, 41-50 years, and 51-60 years, respectively). There was no significant difference between the genders in the group aged over 60 years (ps0.144). No significant differences were seen among age-related groups in both the male and female reference population (ps0.562, ps0.652).
Inter-laboratory QC using latex control materials in three hospitals
Accuracy and reproducibility of the latex control materials used for QC are shown in Table 4 . All three hospitals demonstrated good accuracy and satisfactory precision, even with level 1 QC.
Discussion
We evaluated the TEST 1 system and investigated QC procedures using newly developed latex control materials. The TEST 1 system showed good correlation with the Westergren method and satisfactory precision. The latex control materials showed good accuracy and suitable precision for the daily intra-and inter-laboratory QC of ESR. The proposed newly developed turbidimetric standards are available, easy to use, commutable with human whole blood samples, and the costs are comparable to those of other commercially available control materials (6) . We found that Westergren ESR values were higher than those obtained using TEST 1, especially in samples with Hct F35%. It has been suggested that the Westergren method overestimates ESR in samples of low Hct (8) . Also, in a previous study (10) , we suggested that ESR measurements by TEST 1 reflect inflammation better than those obtained by the Westergren method in patients with malignancy, autoimmune disease, or infection. TEST 1 values obtained at hospital C were lower than those measured with the corrected Westergren method. Lower TEST 1 values at hospital C might be caused by the delay in measurement resulting from transportation of samples from hospital A, to hospital B, and finally, to hospital C. All ESR analyses should be performed within 4 h from the time of collection according to ICSH and Clinical and Laboratory Standard Institute (CLSI) recommendation (7, 11) .
Storage of samples in EDTA tubes at 48C for up to 24 h caused a significant decrease (18.7%) in ESR values. This decrease is greater than that (a decrease of 4.1%) reported by Padro-Miquel and Fuentes-Arderiu (12), but is in agreement with the drop of 20.9% reported by Plebani and coworkers (3). CLSI recommendations are that the test should be run within 4 h if blood samples are left at room temperature or within 12 h if they are stored at 48C (11) . The reference range data were analyzed using non-parametric statistics because ESR values did not show a true Gaussian distribution. In the present study, there was no increase in ESR with respect to age. The reference values of the present study were similar to those obtained in a study of Koreans (2-19 mm/h in men, 2-26 mm/h in women) (13) , and lower than those in Italians (2-28 mm/h in men and 2-37 mm/h in women, aged 15-50 years) (14) . Differences in the reference population, such as race or region might be the cause of difference in the reference values (15) .
TEST 1 values obtained from three hospitals in the accuracy study showed significant variation with respect to transport time. Blood samples showing significant decrease in ESR values with transport time are not suitable for interlaboratory proficiency testing. Latex control materials could be used for inter-laboratory proficiency testing because of satisfactory inter-assay precision.
In conclusion, TEST 1 ESR results showed good precision and good correlation with Westergren ESR data. Our results, obtained with latex control materials demonstrate that the TEST 1 QC for the measurement of ESR is reliable, and the latex control materials are valuable for inter-laboratory proficiency testing.
